T
aiwan's national health insurance has attracted worldwide attention (1-6) because of stable costs (as a proportion of gross national product) and short waiting times (7, 8) . National health expenditure increased modestly from 5.1% of gross national product before the introduction of national health insurance to 6.2% 10 years later (9) , which is in sharp contrast with the United States (16% of gross national product) (10) . People worldwide have been demanding universal health insurance (11, 12) . It has broad political and social appeal. For some, it is an issue of societal equity; for others, it offers the promise of better health (13) . The lack of insurance has been associated with increased morbidity and mortality (14 -16) . Taiwan implemented national health insurance in 1995, which provided a rare opportunity for a natural experiment: to see whether universal insurance would improve health or reduce disparity-a twin outcome expected by the public.
National health insurance was incorporated into the existing free market system in Taiwan and offered free choice of providers to consumers and free choice of practice methods for providers under a single governmental payer. National health insurance extended existing insurance coverage (provided primarily by large employers) from 57% of the population to everyone, providing insurance to children, the elderly, and nonworking adults (17) . Copayments are required: roughly 10% for inpatient and 20% for outpatient (18) . These copayments, as well as income-based individual premiums, are waived for the very poor, veterans, and natives of the region. Encouraged by the ease of access, an average person made 14 visits to physicians in 2004, which is nearly 4 times the U.S. average (19) . Office visits accounted for nearly two thirds of national health insurance expenditure, compared with one third in the United States (19) . Office visits averaged 4 prescriptions per visit. Although Taiwan has had a culture of relying on physician visits and medications to get well, utilization increased substantially after national health insurance was introduced, particularly by elderly and poor persons.
At the start of national health insurance, the public expected that health would improve and health disparities would decline. This study aims to test this assumption based on the first 10 years of national health insurance.
METHODS

Study Overview
We divided the country into 10 health class groups according to the rank-ordering of the mortality rates of 358 individual townships before the introduction of national health insurance. We measured the change in health in each of the 10 groups during the 10 years (1995 to 2004) after national health insurance was introduced compared with the previous 10 years to see whether differences in health between the highest-and lowest-ranked health class groups narrowed after national health insurance. Life expectancy was used to measure health because it is inversely correlated with overall death (20) , and higherranked health class groups were considered healthier than lower-ranked groups.
Study Population
With the entire Taiwanese population as the reference, we calculated standardized mortality ratios for all-cause mortality in 1992-1994 for each of the 358 townships in Taiwan. We then rank-ordered the townships by standardized mortality ratios and grouped them in descending order into 10 health class groups, each with a population of approximately 2 million. The townships in health class group 1 (with the best health) had standardized mortality ratios ranging from 0.57 to 0.77, whereas those in group 10 (with the worst heath) had standardized mortality ratios of 1.17 to 3.19 (Appendix Table 1 , available at www .annals.org).
Data Sources
The basic data in this study are the standardized mortality ratios and life expectancy in each health class group. The data sources are the official records of the population by township, age, and sex from the Ministry of the Interior. The registered deaths, including causes of death, came from computerized files assembled by the Department of Health. Taiwan used the same method to count population and register deaths during the study period. We obtained information on health care utilization and expenditure from the official publications of the Department of Health (9) and the Bureau of National Health Insurance (17) .
Outcomes
The change after introduction of national health insurance was the difference in life expectancy in each of the 10 health class groups at the beginning and end of the periods before (between 1982-1984 and 1992-1994) and after (between 1992-1994 and 2002-2004 ) the introduction of national health insurance. "Change before the introduction of national health insurance" is the term for the change during the period before national health insurance was implemented (between 1982-1984 and 1992-1994) . "Disparity" is the difference in life expectancy between health class group 1 and each of the remaining 9 health class groups.
We compared changes in life expectancy in the periods before and after the introduction of national health insurance. The following example illustrates our calculation. The life expectancies at birth for men in health class group 2 in 1982-1984, 1992-1994, and 2002-2004 were 71.87, 74.68, and 76.65 years, respectively ( Table 1) . The difference (Ϫ0.84 years) was the improvement in life expectancies after the introduction of national health insurance (74.68 years to 76.65 years) minus the improvement before the introduction of national health insurance (71.87 years to 74.68 years).
We also measured changes in health disparities before and after the introduction of national health insurance. Disparity reduction for each health class group was the difference in disparity between the period before (disparity in 1992-1994) and that after (disparity in 2002-2004) the introduction of national health insurance. To calculate the reduction in disparity for men in health class group 2, we used the life expectancies at birth for men in health class group 2 (74.68 and 76.65 years) in 1992-1994 and 2002-2004 , respectively, and the life expectancies for health class group 1 (77.63 and 79.62 years, respectively) ( Table 1 ). The change in disparity (Ϫ0.02 years) was the disparity (the difference in life expectancy between health class groups 1 and 2) at the end of the period before the introduction of national health insurance (77.63 years to 74.68 years) minus the difference after the
Context
The effects of implementing universal national health insurance are largely unknown.
Contribution
Taiwan imiplemented national health insurance in 1995. In the decade before national insurance, differences in life expectancy between the healthiest and least healthy regions were increasing. Afterward, they decreased, but the gaps in life expectancy between the healthiest and least healthy regions remained large. Utilization and expenditures on health care increased, whereas the percentage of gross domestic product spent on health care remained at 5% to 6%.
introduction of national health insurance (79.62 years to 76.65 years).
Statistical Analysis
We used the Chiang life-table method to calculate and compare life expectancy (21) . To examine the contribution of causes of deaths to life expectancy change before and after the introduction of national health insurance, we used a modified cause-deletion life-table method (22, 23) . This method assumes independence for each cause of death and calculates the contributions of a cause of death to a change in overall life expectancy by incorporating the change in mortality rates for 1 particular cause at a time between 2 periods. For example, to estimate the contribution of cancer to the difference in life expectancy between 2 periods (1982-1984 and 1992-1994) , we first obtained the agespecific mortality rates from cancer in 1982-1984. We then added the age-specific change in deaths from cancer between the 2 periods to the age-specific overall mortality rate in 1982-1984 and calculated life expectancy accordingly. The difference between this life expectancy and overall life expectancy in 1982-1984 was the contribution of cancer to life expectancy. We used a customized FOR-TRAN program to calculate cause-specific life expectancies. Other investigators have used this method (23) (24) (25) (26) , which is commonly referred to as "a decomposition of life expectancy by causes" (27) (28) (29) (30) (31) . We used linear regression to test whether changes in life expectancy between the periods before and after the introduction of national health insurance, increased or decreased linearly by health class group.
Additional Analysis
We also did several analyses in which we pooled the original 10 health class group categories into 3 broader health class groups: high (groups 1 to 3), medium (groups 4 to 7), and low (groups 8 to 10). We minimized the effect of the decrease in accidental death rates at younger ages after the introduction of national health insurance by calculating life expectancies at age 45 years in the high, medium, and low health class groups.
Role of the Funding Source
Investigators received no outside funding. § P Ͻ 0.050 for difference before and after NHI in 10-year change in LE. P Ͻ 0.050 for difference relative to HCG 1 in 10-year change in LE after NHI.
RESULTS
Improvement in Life Expectancy at Birth after National Health Insurance
Life expectancy in all 10 health class groups substantially improved both before and after the introduction of national health insurance (Table 1 Although the rate of gain in life expectancy did not change in the country as a whole after national health insurance, life expectancy increased faster in lower health class groups than in higher health class groups. For the bottom 3 to 4 health class groups (groups 7 to 10), the rate of gain in life expectancy was higher during the period after the introduction of national health insurance than during the period before. In addition, the rate of gain in the top 4 health class groups (groups 1 to 4) slowed considerably ( Table 1 and Figure 1 ). For example, in health class group 8, the 2.40-year gain during the period after the introduction of national health insurance in men was greater than the 1.66-year gain during the period before the introduction of national health insurance. Figure 2 shows gains in life expectancy before and after the introduction of national health insurance. The change in life expectancy after the introduction of national health insurance increased linearly, with an increase in health class group mortality rates (groups 1 to 10) (P Ͻ0.001 for men, P ϭ 0.002 for women [test for linear trend]). The patterns remained the same after exclusion of health class groups 1 and 10.
Reduction in Disparities
The gap in life expectancy in men in health class group 1 (the healthiest) and health class group 10 (the least healthy) was 8. (Figure 3) . This 0.62-year reduction during the period after national health insurance constituted 6% of the existing gap (10.03 years). This pattern of first widening and then narrowing before and after national health insurance was also observed for the gaps between health class group 1 versus the remaining health class groups, except for health class groups 2 and 4. A similar pattern was also seen for women. The size of reduction in disparity during the period after national health insurance was larger for women than for men (Table 1 and Figure 3) .
Additional Analysis
The patterns of the effect of national health insurance (faster gain in life expectancy and greater reduction in disparity in the least healthy health class groups) remained the same when we formed 3 broad health class groups ( Table  2 ) from the 10 health class groups shown in Table 1 . Calculated through use of data on life expectancy at birth, changes in life expectancy after the introduction of national health insurance were substantially greater than those before the introduction of national health insurance for the low health class groups (groups 8 to 10) for both men and women, but the gain in life expectancy slowed for the high health class groups (groups 1 to 3). At age 45 years, the same pattern persisted. Similarly, the disparity reduced substantially for both sexes in groups 8 to 10. The gap for groups 4 to 7 also reduced substantially for women. Men had a much smaller reduction in disparities when we calculated life expectancy among those who survived to age 45 years, presumably because injury deaths, which are more common in younger men, contributed substantially to disparity reduction.
Cause-Specific Contribution to Change in Life Expectancy
We evaluated the net change in death attributable to various causes of death in the high, medium, and low health class groups after the introduction of national health insurance (Figure 4 ; detailed data in Appendix Tables 2 and 3, available at www.annals.org). The gain from reduced deaths because of a decline in cardiovascular disease was smaller for health class groups 1 to 3 after the introduction of national health insurance but increased for health class groups 8 to 10. Other causes of death that showed similar patterns were accidental deaths and illdefined conditions. On the other hand, death from cancer increased in all 3 groups but increased more for the lowestranked health class groups and offset some of the gains from other causes. The patterns were similar for women but with a larger positive contribution from cardiovascular diseases and smaller negative contribution from cancer deaths.
Socioeconomic and Lifestyle Differences between the Healthiest and Unhealthiest Groups
To examine why health class group 10 continued to have poorer health, we compared the socioeconomic and lifestyle factors in health class groups 1 and 10 ( Table 3) . The per capita income for residents in health class group 10 ($8085) was about half that of health class group 1 ($15 679). The lifestyle risk factors, including smoking (51% vs. 36%), betel quid chewing (33% vs. 6%), and obesity (9% vs. 5%), were more prevalent among male residents in health class group 10 than among their counterparts in health class group 1. They also consumed 4 times as much alcohol and had 4 times higher mortality rates from accidental injuries. In addition, health class group 10 used more health care services than health class group 1, with 31% more office visits (14.0 vs. 10.7 visits Article Tables 4 and 5 , available at www.annals.org). National health insurance also covers dental services. Outpatient services accounted for nearly two thirds (60%) of national health insurance expenditure. Each visit generated an average of 4.1 prescriptions. The length of hospital stay increased slightly from 9.4 days to 9.7 days, and inpatient admission rates increased by 35%, from 10.1 to 13.6 admissions per 100 persons, during the 10-year period. Admission rates after the introduction of national health insurance nearly tripled for those who were uninsured before the introduction of national health insurance and remained stable among those who were insured before the introduction of national health insurance (1-3) .
With an average income of $15 170 in 2004, the average Taiwanese person spent $926 on health care, an increase from $548 the year before the introduction of national health insurance ( 
DISCUSSION
This study shows that people in poorer health improved more than people in good health after the introduction of national health insurance, narrowing the disparity and reversing an earlier widening trend. However, the amount of narrowing was small (for example, 0.62 year or 6% for men in health class group 10) compared with the size of the existing gap (10.03 years). Expecting national health insurance to eliminate the remaining gap (94%) is not realistic.
When universal health insurance was first introduced in Taiwan, public health and medical professionals assumed that national health insurance would achieve its twin goals of accelerating health improvement and reducing health disparity (1, 4). The 10-year experience showed that the rate of health improvement increased, but only in the lower health classes, and health disparity decreased, but not by very much. Although the lowest health class group used more medical services and had larger gains in life expectancy-seemingly an accomplishment of national health insurance-we need to be cautious about conclud- ing that national health insurance caused these changes. For example, it is difficult to link changes in mortality rate from specific causes to purported effects of national health insurance, such as improving access and quality of care.
Death from ill-defined conditions, infectious diseases, and cardiovascular diseases decreased, as expected. It is reassuring that the lower-ranked health class groups had greater improvement in cardiovascular diseases (Figure 4) , which is the major contributor to the reduction in disparity. However, death from cancer and diabetes increased. In HCG ϭ health class group. Results are based on a modified cause-deletion life-table method, which assumes independence for each cause of death. Not all possible causes of death are included. Bars extending below the horizontal axis indicate that deaths from those causes contributed to reduced life expectancy, whereas bars extending above the horizontal axis contributed to improved life expectancy. fact, national health insurance was not designed to reduce disease incidence, such as cancer, and people in the lowerranked health class group had more cancer or diabetes risk factors. Furthermore, a reduction in motor vehicle accidents was an important contributor to the disparity reduction. The implementation of the helmet law for motorcyclists in 1997 (33, 34) has primarily affected people in the lower socioeconomic groups (35).
Health care expenditure grew at a pace similar to the growth of the economy, despite a substantial increase in utilization of medical services (8) . Cost containment (spending at a rate equivalent to one seventh of that of the United States), while keeping abreast of state-of-the-art technology, has been acclaimed as a remarkable achievement for Taiwan (7), especially as life expectancy in Taiwan is similar to the United States (19) . Access to health care expanded without causing long waiting times.
Frequent office visits, averaging 14 visits a year, are a hallmark of the period after the introduction of national health insurance in Taiwan. Expenditures for outpatient (29) 111 (29) 113 (28) 115 (28) 120 (28) 120 (28) 121 (27) 128 (27) 130 ( care exceed inpatient care expenditures by a 2:1 ratio. The increase in office visits may be a reflection of the Taiwanese public's perception of how to stay well, by relying more on office visits and medicines than on pursuing a healthier lifestyle. McKeown (36) reported the limited contribution of "medical care" to population health a quarter century ago. His unorthodox concept has received increasing support over the ensuing years (37) (38) (39) (40) , and the experience in this study and in a recent elderly cohort (6) after national health insurance was implemented adds additional evidence. Ensuring medical care for all, through adopting universal insurance, remains an unrealized goal for countries like the United States. However, traditional medical care per se has only a limited effect on life expectancy, perhaps 10% to 15%, when other determinants of a developed nation's health are taken into account (41) . Compared with lifestyle factors (42) , medical care has a limited effect on disease incidence, especially for cancer. The disparity gap decreased more for women (13%) than for men (6%) after the introduction of national health insurance. This difference could be due to sex difference in lifestyle risk factors. Two risk behaviors among men in Taiwan, smoking and betel quid chewing, remained high after the introduction of national health insurance. Every second middle-aged man is a smoker (43) and every fourth is a chewer (44, 45) . The rates of smoking and chewing remained much higher in health class group 10 than in health class group 1, which could account for the large increases in lung and oral cancer in the lower socioeconomic groups and the relatively small reduction in health disparities after national health insurance (46, 47). National health insurance did not provide incentives to stop smoking or chewing. We hope that Taiwan adopts policies to promote disease prevention as a key strategy to reduce health disparities (48) . We believe that a government policy of universal health insurance has the distinct advantage of being able to devote resources to prevention and other long-term goals without pressure to respond to short-term financial results.
Our study has important limitations. First, it used the methods of observational research, which means that we cannot be certain that changes after the introduction of national health insurance were due to national health insurance. Second, more than half (57%) of the population had medical insurance at the start of national health insurance, which may have diluted the effect of national health insurance, although those who gained insurance were mainly the elderly and the vulnerable, many of whom were in the least healthy health class groups. Third, in some instances, we did not have similar data before and after the introduction of national health insurance to adjust for the possible effects of unrelated social changes on life expectancy. For example, social changes, such as the helmet law for mortorcyclists, probably improved life expectancy. Fourth, quality of care after the introduction of national health insurance varied across health class groups: Higherranked health class groups were primarily found in urban areas, which have superior health care facilities (49) . Fifth, life expectancy is an imperfect health indicator. It is widely used and easily understood (20) but not sufficiently sensitive to the effect of specific causes of deaths, forcing us to use analytic methods that assume that causes of death are independent of one another. In addition, income, education, and the environment all contribute to life expectancy, and the contribution of access to health care in Taiwan to improvements in life expectancy is unknown. Therefore, using life expectancy as a summary measure may miss effects of improved access to care due to national health insurance. Sixth, the value of national health insurance goes far beyond prolongation of life, which is the only indicator of health in this study. It can relieve pain and suffering, improve quality of life, provide emotional security, and increase human dignity. Finally, a 10-year period may be too brief to measure the full effect of national health insurance. However, this shortcoming is partially offset by comparing the period after the introduction of national health insurance with an additional 10 years before its introduction.
In conclusion, health improved countrywide after the introduction of national health insurance in Taiwan, but the change was small when superimposed on a rising secular trend. National health insurance had strong support from the public (50), and utilization of health services increased after the introduction of national health insurance. Life expectancy increased more rapidly in the lower-ranked health class groups than in the higher ones, and therefore narrowed the gaps in disparity, albeit by a small proportion of the entire gap. The groups with poorer health had a relatively greater reduction in death from cardiovascular diseases, followed by ill-defined conditions, infectious diseases, and accident trends that were somewhat offset by increased cancer deaths as a result of a higher prevalence of lifestyle-related risk factors. To further reduce health disparity, universal insurance programs should incorporate primary prevention, focusing on lifestyle risk reductions. 0.21 (7.1) 0.18 (7.8) 0 
